32 Short time-scale observations are valuable for understanding microbial ecological 33 processes. We assessed dynamics in relative abundance and potential activities by 34 sequencing the small sub-unit ribosomal RNA gene (rRNA gene) and rRNA 35 molecules (rRNA) of Bacteria, Archaea, and Eukaryota once to twice-daily between 36 March 2014 and May 2014 from the surface ocean off Catalina Island, California. 37 Typically Ostreococcus, Braarudosphaera, Teleaulax, and Synechococcus dominated 38 phytoplankton sequences (including chloroplasts) while SAR11, Sulfitobacter, and 39 Fluviicola dominated non-phytoplankton Bacteria and Archaea. We observed short-40 lived increases of diatoms, mostly Pseudo-nitzschia and Chaetoceros, with quickly 41 responding Bacteria and Archaea including Flavobacteriaceae (Polaribacter & 42
kleptochloroplastidic ciliate Mesodinium 18S rRNA gene sequences and a single 48
Teleaulax taxon (via 16S rRNA gene sequences) were correlated (Spearman r =0.83) 49 yet uncorrelated to a Teleaulax 18S rRNA gene OTU, or any other taxon (consistent 50 with a kleptochloroplastidic or karyoklepty relationship) and 2) the photosynthetic 51 prymnesiophyte Braarudosphaera bigelowii and two strains of diazotrophic 52 6 The depth at which the instrument itself was suspended in the water column varied 156 over the course of a day, due to tides and tidal currents. Over the first five days, the 157 depth of sampling by the instrument was between 5 and 10 m. The ESP 158 malfunctioned on day six. After the instrument was restored two weeks later, 159 samples were collected by the instrument at depths between 7 m and 15 m ( Figure  160 1), which continued throughout the remainder of the time-series. One L water 161 samples for molecular analysis were drawn once (10 AM, 18 March to 23 March) or 162 twice per day (10 AM and 10 PM, 9 April to 1 May). The samples were pre-screened 163 with a 300 µm copper screen and then sequentially collected on a 1 µm AE filter 164 (Pall Gelman) and a 0.22 µm Durapore filter (Millipore) with an HA backing filter. All 165 filters were stored in RNAlater at ambient seawater temperature until ESP retrieval 166
(1 May), upon which the filters were stored at -80 °C until processing. Past ESP 167 research has demonstrated that RNAlater storage has little influence on quality and 168 composition of RNA for ESP deployments (6 of 17,284 transcripts differentially 169 expressed) [27] , but RNAlater has been shown, like all preservatives, to have a small 170 influence on composition based on DNA-based community assessments [28, 29] , 171
though the influence was not tested here. of all the images were discarded because of cloud coverage. The surface chlorophyll-184 a concentrations were derived by applying a local empirical algorithm to the 7 algorithm was parameterized specifically for MODIS using in situ measurements 187 made in the coastal waters off the Los Angeles, CA area (i.e., our region of study). A 188 time-series of remotely sensed chlorophyll-a concentration at the ESP location was 189 also calculated by averaging the retrievals over a ~ 3-x-3 km region (i.e., 3-x-3 190 pixels) surrounding the ESP location, and by calculating the standard deviation of all 191 retrievals within that region. Only the chlorophyll-a concentrations derived from a 192 minimum of seven valid pixels within the 3-x-3-pixels region were considered, as 193 fewer valid pixels generally indicated the close proximity of clouds and a potential 194 contamination of the remote-sensing reflectances. 195
196
DNA and RNA extraction 197 Each AE and Durapore filter was aseptically cut in half, one half for DNA extraction, 198 the other half for RNA extraction. DNA was extracted and purified from the 199 Durapore filters using a hot SDS extraction protocol [31] and from the AE filters 200 using a NaCl/cetyl trimethylammonium bromide (CTAB) bead-beating extraction 201 [32] . The more harsh extraction used on the larger size fraction was used to contend 202 with the organisms found on the larger size fraction are harder to break open (e.g., 203 algal cell walls, diatom silica frustules, and dinofagellate theca). Each of these 204 methods was modified to include lysozyme and proteinase K lysis steps (30 minutes 205 at 37 °C and 30 minutes at 50 °C, respectively). DNA was purified from the 206 supernatant from both methods by phenol/chloroform/isoamyl alcohol purification, 207 precipitation overnight in ammonium acetate and ethanol, centrifugation, and re-208 suspension in TE buffer. Each half-filter underwent two sequential lysis steps, and 209 the extracted DNA was combined. 210 RNA was extracted from the Durapore and AE filter using the RNeasy kit (Qiagen), 211 as per manufacturer's instructions, including an on-column DNAse step. For the AE 212 filters, a second DNA-removal step was performed on 10 ng of RNA with the 213 that UCYN-A sequences are generically classified by the SILVA database as 280 Cyanobacterial Subsection I, Family I (i.e., same groups as to Prochlorococcus and 281 Synechococcus). To resolve the UCYN-A sequences to their respective sub-groups we 282 downloaded the sequences of UCYN-A1 [42] (gi|284809060) and UCYN-A2 283
[43](gi|671395793). We found the UCYN-A1 and UCYN-A2 rRNA gene sequences 284 from these genomes were 3 bp different in the V4 to V5 amplified region we used 285 (i.e., 99.2% similar). Each of our two UCYN-A ASVs matched one of each of the 286 representative genomes at 100% ( Supplementary Figure 2) , thus we notated them 287 accordingly. 288 289 We split the 16S rRNA and rRNA gene sequence datasets into two partitions, the 290 "phytoplankton" and "non-phytoplankton." "Phytoplankton" included those 291 sequences determined by the Greengenes taxonomy to be of chloroplastidic origin 292 and Cyanobacteria. "Non-phytoplankton" included the remaining bacterial and 293 archaeal 16S rRNA and rRNA gene sequences. After this step, samples that did not 294 have greater than 100 reads in a given dataset were removed from further analysis. 295
The average number of reads per sample for non-phytoplankton and phytoplankton 296 datasets was 16,576 ± 9,302 SD and 13,426 ± 11,478 SD, respectively. 297
298
The 18S rRNA and rRNA gene forward and reverse sequencing reads were too long 299 to overlap, given the MiSeq 2x300 forward and reverse sequencing that we used. 300
Therefore, most programs that merge forward and reverse reads discard these 301 reads. Hence, they need special treatment. The following steps were taken to 302 process these data. 1.) The data were quality filtered the same as for the 16S rRNA 303 and rRNA gene analysis via Trimmomatic. 2.) The resulting quality filtered forward 304 and reverse reads were trimmed to 290 bp and 250 bp, respectively. Reads that 305 were shorter than those thresholds were discarded. The sequences were trimmed to 306 these different lengths due to the difference in read qualities between the forward 307 and reverse reads (forward is higher quality). Given these trimmed sequence 308 lengths, the 16S rRNA and rRNA gene reads will overlap but the 18S rRNA and rRNA all the reads through PEAR merging software [44], using default settings, and 311 retained the unassembled reads. 4.) The forward and reverse reads of the 312 unassembled reads were then joined with a degenerate base, "N", between the two 313 reads. This approach was suitable for classification via 8 bp subsequences ("words" 314 or "kmers") -based RDP classifier [45, 46] on a fully overlapping dataset of 41 samples. We excluded the 18S rRNA dataset 360 from this analysis because this dataset was missing many samples relative to the 361 other datasets due to low read counts. Additionally, we avoided using the smaller 362 size fraction (0.22-1 µm) phytoplankton rRNA and rRNA gene sequences for 363 statistical associations. This is because most phytoplankton taxa are not observed in 364 this fraction. However, the smaller phytoplankton do typically appear in the 1-300 365 µm size fraction. Thus, this size fraction is likely a more meaningful representation 366 of the phytoplankton community. 367
368

Results and Discussion 369
Over the initial six days of sampling, conditions at the sampling location, 1 km off 370 Catalina Island, CA, USA, were relatively stable, with chlorophyll-a concentrations of 371 0.5-1.5 µg/L (Figure 1 ). After the 6 th sample, the ESP malfunctioned. During a 15-day 372 non-operational period, satellite data indicated that a modest increase (about 373 fourfold background levels) in chlorophyll-a concentration (indicative of 374 phytoplankton biomass) occurred throughout the San Pedro Channel. The increase 375 in phytoplankton biomass started near the Southern Californian coast (to the 376 northwest of the ESP deployment location) and then extended towards the sampling 377 location near Catalina Island, with the highest concentrations reaching closest to the 378 location of the ESP four days before the instrument was repaired and sampling 379 continued (Figure 1, Supplementary Figure 3 ). When sampling resumed, the 380 chlorophyll-a concentrations were still elevated (though below peak levels 381 according to satellite data) and remained between 1-5 µg/L for the remainder of the 382 time-series. We noted cyclical patterns within the chlorophyll-a data, apparently 383 reflecting a combination of diel phytoplankton migrations and physiological 384 variations [54] and depth variations due to changes in tidal height and tidal currents 385 moving the instrument laterally ( Figure 1 ). 386 387
Overall community dynamics 388
We performed sequencing of the small sub-unit of rRNA and rRNA gene sequences 389 of Archaea, Bacteria, and chloroplasts, as well as 18S rRNA and rRNA gene 390 sequences of Eukaryota. A major consideration is how to partition this data into 391 ecologically relevant communities. In this study, we partitioned the 16S rRNA and 392 rRNA gene sequences into two groups: 1.) "phytoplankton" (chloroplast sequences  393 and Cyanobacteria, i.e., the "primary producers") and 2.) "non-phytoplankton" (all 394 other Bacteria and Archaea, assumed here, for simplicity sake, to be largely 395 heterotrophic, i.e., the "secondary consumers"). Certainly, divisions between these 396 classically defined trophic levels are recognized as being "fuzzy," including the 397 common occurrence of various types of mixotrophs [1]. However, this approach was 398 taken because it allows a more independent assessment of the influence of the 399 major primary producer communities (in the surface ocean, phytoplankton) on the 400 secondary consumers, in a manner that combining the Cyanobacteria with the other 401 phototrophic capability via proteorhodopsin [55] or bacteriochlorophyll [56, 57] , 404 and some are chemoautotrophs (e.g., Thaumarchaeota [58] ). An obvious 405 consideration of including the Cyanobacteria in the same data partition as the 406 chloroplasts is that, on a cell-by-cell basis, chloroplast rRNA gene sequence will be 407 overrepresented relative to their true cellular abundances. This is because 408 cyanobacteria have a maximum of two rRNA gene copies per cell, whereas protists 409 can have many chloroplasts. Regardless of how the data are partitioned, at this 410 broad taxonomic level, differences in the biology, copy number, and PCR 411 amplification bias are unavoidable and thus a direct one-to-one relationship of the 412 read sequence proportions to biomass or cell numbers from sequence data is not 413 possible. However, relative changes in read proportions of taxa over the course of 414 two months at diel to daily time scales are expected to be ecologically informative. 415
416
Due to the difficulty of accurately predicting the primary lifestyle of many 417 eukaryotic taxa determined by 18S rRNA and rRNA gene sequences, the ability of 418 many protists to be mixotrophic [12] , and because of the unknown presence of 419 chloroplasts in some lineages, we generally analyzed all of the Eukaryota rRNA and 420 rRNA gene OTUs as proportion of all Eukaryota, excluding only metazoan sequences. 421
Metazoan sequences appeared in the data sporadically and because their especially 422 high 18S rRNA gene copy number and multi-cellularity likely strongly biases the 423 data. Thus, we generally excluded metazoan sequences (e.g., copepods) because 424 their inclusion would alter the interpretation of a primary focus, the microbial 425 eukaryotes. 426
427
At the broadest level, the 16S rRNA gene sequences tended to be from non-428 phytoplankton taxa, especially in the smaller size fraction, averaging 58% of the 429 total in the large size-fraction (1-300 µm) and 85% in the smaller size-fraction (0.22 430 -1 µm)( Figure 2 ). Phytoplankton made up the majority of the rest of the rRNA gene 431 relative proportions, 39% and 15%, respectively, of the large and small size 432 fractions. 18S rRNA gene sequences made up 3.6% and 0.1% in the large and small that can be expected from our "universal" sequencing approach, but they do not 435 provide insight into overall cell number or biomass of these partitions, where flow 436 cytometry or microscopy would be more useful. Additionally, because the data are 437 compositional, meaning always a proportion of 100%, a decrease in one partition of 438 the data necessarily results in an increase in another partition, even when there may 439 have been no absolute response in the latter. This also applies to individual ASV 440 relative abundances. 441
442
In contrast to the rRNA gene, the relative proportion of phytoplankton rRNA was 443 higher than non-phytoplankton rRNA in the larger size fraction (65% and 35%, 444 respectively). In the smaller size fraction, the proportions of non-phytoplankton and 445 phytoplankton rRNA were of roughly equal proportion (averages of 53% and 43%, 446 respectively), with the exception of following the phytoplankton bloom when non-447 phytoplankton made up >95% of the rRNA sequences in the small size fraction for 448 several sampling dates ( Figure 2 ). In both size fractions, 18S rRNA always 449 constituted less than 10% of the total reads, and were almost always negligible in 450 the small size fraction (Figure 2 ). Thus, the rRNA sequence frequencies from the 451 different partitions are variable depending on size fraction and environmental 452 conditions, but we do not know the extent that this relates to relative community 453 activities, given the major differences in biology between the partitions. 454 455
Dynamics of individual phytoplankton taxa 456
Within the phytoplankton community, the Synechococcus ASVs tended to have the 457 highest read proportions in both rRNA and rRNA gene, in both size fractions ( Figure  458 3). In the larger size fraction, one of two different Synechococcus ASVs were the 459 highest in read proportions in 24 and 44 of 50 days in rRNA gene and rRNA, 460 respectively. In the smaller size fraction, a single Synechococcus ASV was dominant 461 in all 47 rRNA gene sequenced samples, and in 52 of 53 of the rRNA sequenced 462 samples, with a Prochlorococcus ASV exceeding it on a single date in rRNA. 463
Besides Synechococcus, in the larger size fraction, a variety of eukaryotic 465 phytoplankton ASVs (via chloroplasts) were found to display the highest sequence 466 proportion among all phytoplankton ASVs for at least one sample within the time-467 series in either the rRNA or rRNA gene-based analyses. This included ASVs of 468
Ostreococcus (14 days), Teleaulax (6 days), Chrysochromulinaceae (5 days), 469
Braarudosphaera (three days), and Pseudo-nitzschia (1 day) ( Figure 3 ). Several 470 diatom ASVs, mostly Chaetoceros sp. and Pseudo-nitzschia sp., peaked in their 471 sequence proportions for a few days following the small phytoplankton biomass 472 increase (deduced from satellite chlorophyll-a measurements), which was likely 473 already decreasing by the time we resumed sampling (Supplementary Figure 4) . 474
Pico-eukaryotic phytoplankton taxa (i.e., Bathycoccus, Micromonas, and 475
Ostreococcus) increased in relative read proportions steadily over the second half of 476 the time-series, and ultimately were the second and third most represented ASV in 477 the phytoplankton rRNA gene dataset on average ( Supplementary Figure 4) . In 478 addition, two ASVs of the diazotrophic, symbiotic unicellular cyanobacterium UCYN-479 A were cumulatively 1.1% and 5.6% of sequences in the large size-fraction rRNA 480 gene and rRNA, respectively. UCYN-A constituted up to 25% of all rRNA 481 phytoplankton sequences in that size fraction (more detail below) (Supplementary 482 Figure 4 ). This observation of high rRNA and rRNA gene presence of UCYN-A in a 483 productive upwelling region is significant from an oceanographic standpoint 484 because they may be an important source of bio-available nitrogen (via nitrogen 485 fixation) in these surface waters even during spring and accompanying increases in 486 phytoplankton biomass. These observations and short-term dynamics complement 487 the previously documented activity of UCYN-A at this location throughout the year 488 where they were reported as particularly active in summer and winter [59] . 489
490
In the smaller size fraction, besides Cyanobacteria, Ostreococcus, Micromonas, 491
Bathycoccous, and Pelagomonas were commonly high in sequence proportions 492 (Supplementary Figure 4 ). It appears that these taxa tended to be equally split 493 between both size fractions, with the exception of Pelagomonas, which had a higher 494 proportion in the small size fraction. Generally, Cyanobacteria tended to be a higher 495 proportion in the rRNA than rRNA gene, while the opposite was the case for the 496 eukaryotic phytoplankton in the small size fraction. It is unclear how much this 497 relates to the relative activities of the two groups, considering the likely major 498 differences in cellular physiology across domains. 499 500
Dynamics of individual non-phytoplankton taxa 501
Generally, a single SAR11 ASV had the highest rRNA gene sequence proportions of 502 the non-phytoplankton bacterial and archaeal communities in the small size fraction 503 (most abundant on 44 of 47 samples). In contrast, a variety of ASVs were observed 504 to make up the highest proportion of the sequences for at least one date in the larger 505 size fraction. In the rRNA gene sequences from the larger size fraction, the 506 dominance shifted between Fluviicola (24 days), Roseovarius (12), Polaribacter (3), 507
Roseibacillus (3), Puniceicoccaceae (Verrucomicrobia) (1), and Marine Group II 508
Euryarchaeota (1). For the rRNA, in both the smaller and larger size fractions, the 509 ASVs with highest proportions on a given day shifted among 11 and 10 different 510 taxa, respectively. We observed particularly rapid dynamics following the increase 511 in phytoplankton biomass (8 April -13 April, Figure 3 ). For the large size fraction, 512 the same ASVs tended to be highest in read proportions in both the rRNA and rRNA 513 gene sequence datasets. 514 515 Previously, we reported on a larger diatom bloom that occurred three years earlier 516 at a location about 20 km away [7,10]. We also had daily resolved data for this time-517 series. For that study we generated 99% OTUs and then discriminated ASVs within 518 the abundant OTUs (i.e., > 2.5% relative abundance on any given day, or 0.4% on 519 average). Overall, 119 of the 279 bacterial and archaeal ASVs that we report in the 520 present study were also reported in that previous study. For the present study, 15 of 521 the 20 ASVs that ever had the highest proportion of sequences across all samples 522 were also among the ASVs in the previous study. Several of the ASVs became most 523 relative abundant for at least one sample in both time-series: members of rapid day-to-day variation in the 8 -12 April period is similar to what we observed 527 previously, and the same ASVs of Polaribacter, Roseibacillus, and Marine Group II 528
Euryarchaeota became most abundant in response to increases in chlorophyll-a, 529
while Roseovarius, Puniceicoccaceae, and SAR11 peaked during more stable 530 conditions. However, the response here was not as pronounced as in 2011. In that 531 study, based on estimates from satellite imagery, the peak in chlorophyll-a 532 concentration was about fourfold larger. Thus, the 2011 bloom likely corresponded 533 to a larger release of organic material. The consistency between years of 534 phytoplankton bloom response, even among exact sequence variants, is similar to 535 those reported from the North Sea [60]. 536 537 Often, particular ASVs were observed within both size fractions, but in the smaller 538 size fraction, their temporal variation and overall relative abundances were reduced 539 due to the sustained high relative abundance of SAR11 ASVs (cumulatively 23% and 540 30% in the rRNA and rRNA gene in 0.2-1 µM, respectively versus 2% and 6% in the 541 1-300 µm size fraction). Besides SAR11, other non-photosynthetic taxa that were 542 relatively higher in the smaller fraction were SAR92 and SAR86 of 543
Gammaproteobacteria, and OCS116 of Alphaproteobacteria, (Figure 3 , 544 Supplementary Figure 5 ). Notably a Vibrio ASV peaked up to 30% in rRNA 545 sequences and 2% in rRNA gene sequences. This is surprising considering that 546
Vibrios are typically thought to be "bloom-responders" [11] but here had high rRNA 547
proportions before the bloom. 548 549
Dynamics of individual eukaryotic taxa via 18S rRNA and rRNA gene sequences 550
The eukaryotic community (1-300 µm) via 18S rRNA and rRNA gene sequences was 551 often dominated by metazoans, such as herbivorous copepods (Paracalanus) and 552 larvaceans (Oikopleura, which can graze particles as small as bacteria). A single 553 copepod OTU (Paracalanus sp.) was the most represented in the rRNA gene on 34 of 554 50 samples and larvacean OTU (Oikopleura dioica) being most represented on 16 of 555 44 dates in the rRNA (Supplementary Figure 6 ). Excluding metazoans, we observed 556 20 different Eukaryota OTUs which became the highest in sequence proportions for 557 a given sample via rRNA gene, including 21 samples by ciliates (10 samples by 558 Mesodinium), 11 samples by chlorophytes (Ostreococcus (4), Bathycoccus (5), 559
Micromonas (2)), and 9 samples by dinoflagellates (primarily Gyrodinium and 560
Gymnodinium four and two samples, respectively) (Figure 3 , Supplementary Figure  561 7). Similarly, ciliates were typically the highest in sequence proportions in the rRNA 562 (29 of 44 days). However, in contrast to the rRNA gene, Stramenopiles were 563 commonly the highest in sequence proportions (14 of 44 dates) in the rRNA. As 564 suggested by this high variability, Bray-Curtis community similarity across samples 565 showed that the eukaryotic community via 18S rRNA and rRNA gene sequences was 566 more variable than the 16S rRNA and rRNA gene sequences of bacteria, archaea, and 567 phytoplankton ( Supplementary Figure 8 ). This is despite the fact that the 18S rRNA 568 and rRNA gene datasets were assessed using less resolving OTU-based approach 569 rather than the MED-based approach for the 16S rRNA and rRNA gene datasets. The 570 reasons that the dominance patterns vary between rRNA and rRNA gene are 571 probably a combination of copy number differences and levels of activity, even given 572 that dormant cells have a baseline level of rRNA [20] . 573 574
Correlations between taxa 575
Previously most marine microbial community pairwise correlative analyses have 576 been between the abundance of organisms irrespective of activity [2]. However for 577 many types of microbial interactions, it would be valuable to consider some 578 indicator of activity level of the organisms as well. We aimed to do so here by 579
including rRNA in addition to the rRNA gene relative abundances in the co-580 occurrence patterns between taxa. We first examined known two-organism 581 symbiotic interactions that occur among abundant taxa within our samples. Then, 582 we examined the strong correlations across all taxa to identify possible interactions 583 among and between domains, such as syntrophy, symbiosis, or grazing. In general, Braarudosphaera and UCYN-A were highly positively correlated, and the 620 best correlations were between the Braarudosphaera rRNA gene and UCYN-A1 rRNA 621 gene (r= 0.86, Figure 4c ), while the correlation to UCYN-A2 rRNA genes was not as 622 strong (r = 0.76) ( Supplementary Table 2 ). Braarudosphaera rRNA was correlated to 623 both UCYN-A1 and UCYN-A2 rRNA (r=0.81 and 0.83, respectively). UCYN-A1 rRNA 624 gene was also significantly correlated to Braarudosphaera rRNA (r = 0.63), but the 625 other combinations of rRNA to rRNA gene and vice-versa between these two taxa 626
were not as significantly correlated (i.e., p > 0.005). Given that the literature reports 627 a specific relationship between UCYN-A2 and Braarudosphaera and between UCYN-628 A1 and a Haptophyta taxon closely related to Braarudosphaera [25], it may be that 629 the 16S rRNA gene sequence does not discriminate between distinct 630
Braarudosphaera or other taxa of Haptophyta that may be present. 631
632
We found that there were several other ASVs highly correlated to Braarudosphaera, 633 suggesting, at least, shared ecological preferences between these taxa and 634
Braarudosphaera. A dictyochophyte alga (Dictyochophyraceae_ sp._6) (rRNA) had a 635 particularly strong correlation to Braarudosphaera rRNA (r = 0.86). Additionally, 636
Puniceicoccaceae_1 and Puniceicoccaceae_2 (Verrucomicrobia) rRNA and rRNA gene 637 were both very strongly correlated to Braarudosphaera (all r >0.81). 638
Puniceicoccaceae_2 was strongly correlated to UCYN-A1_1. Generally, 639
Verrucomicrobia are often found to be particle associated [7,65-67], and were 640 indeed enriched in the larger size fraction in our samples, suggesting possible 641 physical attachment in an association. FISH targeting Braarudosphaera, the two 642 UCYN-A ASVs, and the other potentially associated taxa could be used to 643 substantiate the correlative-based associations we report here. Spearman correlation between the rRNA gene of these taxa (Mesodinium and 672
Teleaulax_amphioxea_1 chloroplasts) was 0.86 and neither taxa had significant 673 correlations to any other taxa ( Figure 5d ). 674 675 A second abundant Teleaulax chloroplast sequence (3 bp different from the best 676 match, Teleaulax amphioxeia) was also commonly detected with an average 677 sequence proportion of 2.0% and 1.6% of rRNA gene and rRNA sequences, 678
respectively. This Teleaulax chloroplast ASV was not significantly correlated with association, these Teleaulax sequences were positively correlated with many ASVs, 682 Mesodinium cell might support replication of many more captured chloroplasts than 698 would be found in a single Teleaulax cell [69], detection of associated Teleaulax 699 nuclei might be hard to discern via correlations between 18S rRNA genes in our 700 system. Other Teleaulax nuclei may be present but in lesser abundance (and 18S 701 rRNA gene copies per cell), reducing the ability to regularly detect them in strong 702 co-occurrence with the Teleaulax chloroplasts and Mesodinium. 703 704
Other correlations between taxa 705
To gain an understanding for how the communities changed in relation to one 706 another, overall, we performed Mantel tests. All the different communities were 707 significantly correlated (p < 0.001). The non-phytoplankton (regardless of which 708 non-phytoplankton dataset is considered) were more strongly related to the 709 phytoplankton rRNA gene dataset than phytoplankton rRNA dataset 710 ( Supplementary Figure 11) . The strong correlation between phytoplankton and interactions that are driving this strong correlation is unclear, but could be 713 symbiotic, mutualistic, or antagonistic [1,2,73,74]. Another hypothesis is that 714 different phytoplankton communities generate different suspended and sinking 715 marine aggregates that in turn harbor different bacterial and archaeal communities. 716
Further substantiation and insight into these associations will require a variety of 717 techniques, including microscopy, single cell isolation, and ultimately cultivation. 718
There was a relatively weak correlation between Eukaryota by 18S rRNA and rRNA 719 gene sequences to the other communities, as has also been shown in another time-720 series study [75] . This may be because phagotrophs are less species-specific (e.g., 721 phagocytize all similarly sized taxa) [76, 77] . 722 723 For pairwise correlations, several of the phytoplankton-to-heterotrophic bacteria 724 correlations are the same as those that we previously reported [7] , including those 725 between Rhodobacteraceae, Polaribacter (Flavobacteriaceae), and SAR92 to diatoms 726
Pseudo-nitzschia and Chaetoceros (Figure 6 ), suggesting that these correlations are 727 specific and repeatable between different time-series even though they were 728 separated by 3 years and about 20 km. The associations of these prokaryotic groups 729 with phytoplankton, especially in diatom blooms, have been reported previously, 730 with responses at time-scales from weeks to months [6, 9, 11, 60] . We also observed a 731 group of highly positively correlated Prochlorococcus ASV to various taxa from 732
Flavobacteriaceae and Verrucomicrobia, indicating the shared ecosystem 733 preferences or interactions ( Figure 6 ). 734
735
In addition to the types of interactions previously described, we also observed many 736 strong correlations between heterotrophic or mixotrophic eukaryotic taxa and 737 potential symbionts or prey (Figure 7 ). Of these, only five taxa had strong 738 correlations (|Spearman r | > 0.7, p < 0.005) to bacteria or phytoplankton; of these, 739 four were ciliates. In addition to the relationship between Mesodinium and Teleaulax 740 described previously, the ciliate OTUs of Strombidium were shown to have 741 correlations to a variety of Bacteria, including Flavobacteriaceae, nitzschia. We observed no strong negative correlations (Spearman r < -0.7), in 744 contrast to many strong positive ones > 0.7 or even 0.8. Even though these taxa are 745 positively associated (seemingly implying mutual benefice), it is unclear if predator-746 prey interactions would be expected to be positively or negatively correlated on this 747 time-scale. This would likely depend on factors such as specificity and turnover 748 times of the taxa involved. However, it appears that these particular ciliates may 749 have specific interactions with these bacteria, and may be good targets for future 750 analyses to determine the nature of these interactions. 751 752
Conclusions 753
Our results show a rapid, day-to-day response of particular microbial taxa to 754 changes in phytoplankton. In our study, we saw only a small increase in 755 phytoplankton biomass, relative to previous studies, yet many of the patterns 756 Sampling did not occur for about two weeks 23 Mar -9 Apr due to ESP disconnection. Before the interruption, the microbial community was collected daily at 10:00, and, after, twice daily at 10:00 and 22:00. During the interruption, (a) satellite chlorophyll-a measurements indicated a small increase in chlorophyll-a occurred throughout the San Pedro Channel, peaking four days before resumption of sampling. (b) Temperature and depth, and (c) chlorophyll-a CTD ESP concentrations were measured every five minutes (the thin lines); chlorophyll-a data 12 -15 April is missing due to poor quality. Satellite chlorophyll-a is the mean of 3-x-3 pixels (~ 3-x-3 km area) covering the region surrounding the ESP; the error bars are the standard deviation of the nine pixels used in calculation of the mean. Note, in these waters, the satellite-derived chlorophyll-a concentrations are generally representative of the upper 5 m of the water column, and the ESP was deployed between 5-20 m, so some variation in absolute concentration is expected. Tide data are observed water measurements for nearby Los Angeles, CA. Circles represent the average value during sample collection for microbial community analyses (usually about 30 minutes). Only ASVs or OTUs that ever became taxon with the highest proportion of sequences within a given dataset for at least one sample are shown. The tree shows the phylogenetic relatedness of the ASV or OTU according to the amplicon-sequenced region. Note that Mesodinium is known to have a very aberrant 18S rRNA gene sequence [49] . For the dates where two samples were taken per day (10:00 AM and 10:00 PM, 10 April -1 May), a dash underneath a given sample indicates the sample was taken at night. All 16S rRNA and rRNA gene ASVs shown here were also detected during the 2011 diatom bloom study [7,10], except where "--" is found next to the ASV name; asterisks next to taxon names indicate that ASV was also found to most abundant during the 2011 study. 
Figure 6
Correlations between phytoplankton and all other taxa Sampling did not occur for about two weeks 23 Mar -9 Apr due to ESP disconnection. Before the interruption, the microbial community was collected daily at 10:00, and, after, twice daily at 10:00 and 22:00. During the interruption, (a) satellite chlorophyll-a measurements indicated a small increase in chlorophyll-a occurred throughout the San Pedro Channel, peaking four days before resumption of sampling. (b) Temperature and depth, and (c) chlorophyll-a CTD ESP concentrations were measured every five minutes (the thin lines); chlorophyll-a data 12 -15 April is missing due to poor quality. Satellite chlorophyll-a is the mean of 3-x-3 pixels (~ 3-x-3 km area) covering the region surrounding the ESP; the error bars are the standard deviation of the nine pixels used in calculation of the mean. Note, in these waters, the satellite-derived chlorophyll-a concentrations are generally representative of the upper 5 m of the water column, and the ESP was deployed between 5-20 m, so some variation in absolute concentration is expected. Tide data are observed water measurements for nearby Los Angeles, CA. Circles represent the average value during sample collection for microbial community analyses (usually about 30 minutes). Only ASVs or OTUs that ever became taxon with the highest proportion of sequences within a given dataset for at least one sample are shown. The tree shows the phylogenetic relatedness of the ASV or OTU according to the amplicon-sequenced region. Note that Mesodinium is known to have a very aberrant 18S rRNA gene sequence [49] . For the dates where two samples were taken per day (10:00 AM and 10:00 PM, 10 April -1 May), a dash underneath a given sample indicates the sample was taken at night. All 16S rRNA and rRNA gene ASVs shown here were also detected during the 2011 diatom bloom study [7,10], except where "--" is found next to the ASV name; asterisks next to taxon names indicate that ASV was also found to most abundant during the 2011 study. 
